Abstract Mammographic density (MD), or the proportion of the breast with respect to its overall area that is composed of dense tissue, is a strong risk factor for breast cancer. Studies support a positive association of mammographic density and alcohol drinking. This was a crosssectional multicenter study based on 3584 women, aged 45-68 years, recruited from seven screening centers within the Spanish breast cancer screening program network. The association between MD, alcohol consumption and tobacco use was evaluated by using ordinal logistic models with random center-specific intercepts. We found a weak positive association between current alcohol intake and higher MD, with current alcohol consumption increasing the odds of high MD by 13% (OR = 1.13; 95% CI 0.99-1.28) and high daily grams of alcohol being positively associated with increased MD (P for trend = 0.045). There were no statistically significant differences in MD between smokers and non-smokers. Nevertheless, increased number of daily cigarettes and increased number of accumulated lifetime cigarettes were negatively associated with high MD (P for trend 0.017 and 0.021). The effect of alcohol on MD was modified by menopausal status and tobacco smoking: whereas, alcohol consumption and daily grams of alcohol were positively associated with higher MD in postmenopausal women and in women who were not currently smoking, alcohol consumption had no effect on MD in premenopausal women and current smokers. Our results support an association between recent alcohol consumption and high MD, characterized by a modest increase in risk at low levels of current consumption and a decrease in risk among heavier drinkers. Our study also shows how the effects of alcohol in the breast can be modified by other factors, such as smoking.
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Introduction
Mammographic density (MD), or the proportion of the breast with respect to its overall breast area that is composed of dense tissue, is a strong risk factor for breast cancer. Over 40 studies have assessed this association and the majority have reported a 2-to 6-fold increased risk of breast cancer for the highest to lowest density categories [1] .
Breast density is also associated with reproductive and anthropometric risk factors for breast cancer [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . However, the association between MD and breast cancer appears to be independent, and usually persists after adjustment for these factors. In addition, there is strong evidence of a genetic determinant of MD [14] .
Although, relatively few studies have examined the association between alcohol consumption and breast density, most nonetheless report higher MD among alcohol drinkers than abstainers [15] [16] [17] [18] [19] . Whereas, some of these studies support a weak, albeit significant, positive association between current alcohol intake and MD in both preand postmenopausal women, there is more limited and inconclusive data on the association between the timing of initiation of alcohol intake and MD [19, 20] .
Even less information is available on the effects of tobacco smoking on breast density. Some studies consistently report an inverse relationship between current smoking and MD [7, 15, 21, 22] , attributed to an antiestrogenic effect of tobacco smoke; others, in contrast, fail to observe any association [23, 24] . Accordingly, we decided to investigate the association between alcohol consumption, smoking and adult MD using data from food frequency questionnaires (FFQs), risk factor data, and breast density measures from the determinants of mammographic density in Spain study (DDM-Spain).
Materials and methods

Study population
This was a cross-sectional multicenter study based on 3,584 women, aged 45-68 years, recruited from seven specific screening centers within the Spanish breast cancer screening program network. All women aged 50-65 years, regardless of nationality or legal status, are screened under these government-sponsored programs every 2 years, with the exception of women carrying BRCA1 or BRCA2 mutations who are generally screened by specific units. In some regions, women between 45 and 49 years of age are also included. Furthermore, the age range in all regional programs is currently being extended to cover women up to the age of 70 years.
Sampling procedure and data-collection A minimum of 500 women per screening center were recruited from October 7, 2007 to July 14, 2008 . Women previously diagnosed with breast cancer or some other malignant disease (except basal cell epitheliomas) were excluded, as were women who failed to respond to the questionnaire or presented with some physical inability that prevented a mammography from being performed. The DDM-Spain study protocol was formally approved by the Institutional Review Board at the Carlos III Institute of Health.
Women were interviewed at the screening center by purpose-trained interviewers. The questionnaire collected demographic information relating to the following: childhood and youth; family and personal background; gynecologic, obstetric and occupational history; household activities; current and lifetime alcohol consumption; current and lifetime tobacco use; current and past physical activity; and diet during the preceding year. Women's height and weight were measured twice by the interviewer, with a third measurement being taken if the first two were in any way dissimilar. Average values were used to compute BMI.
The dietary section of the questionnaire ascertained the frequency of consumption and usual portion size of 117 food items (including alcoholic beverages), and was used to estimate daily intake of alcohol and calories. The standard servings of red wine (125 ml), white wine (125 ml), beer (200 ml), sherry (50 ml), hard cider (125 ml), spirits (30 ml), and brandy, gin, rum, whiskey, and vodka (40 ml), were estimated to contain 13.25, 12.63, 6.15, 3.06, 7.80, 7.40, and 14.25 g of ethanol, respectively. Daily calorie intake was estimated from a nutrient database developed by Vioque [25] . The folate intake values comprised dietary sources and vitamin supplements.
Estimation of percent breast density
We measured MD from the craniocaudal mammogram of the left breast using Boyd's semiquantitative scale, a visual scale that rates density in six categories, namely: A (0%); B (\10%); C (10-25%); D (25-50%); E (50-75%); and F ([75%). Mammographic density was assessed on a blind, anonymous basis by a single, experienced radiologist.
Statistical analysis
The association between MD, alcohol consumption and tobacco use was evaluated by using ordinal logistic models with random center-specific intercepts [26] . The main exposure variables, as well as the remaining adjustment factors, were regarded as fixed effects, so that their associated ORs were deemed to be the same for women at all screening centers. In addition, the ordinal logistic models included a random, center-specific intercept term that accounted for unexplained variations in the baseline odds of higher MDs across screening centers.
The Brant test was used to verify the proportional odds assumption. This assumption held for the effects of alcohol consumption and tobacco use in all fitted models, after the two lowest categories (A and B) of Boyd's classification had been combined. These categories are fairly similar in terms of reduced percentage of dense breast tissue (0 and\10%), and there were only 4.2% of women in the ''no dense tissue'' category. Hence, all logistic models included MD as an ordinal response variable with five categories (A ? B, C, D, E, and F).
The main exposures of interest linked to alcohol consumption were: (a) current alcohol intake (yes or no); (b) lifetime alcohol drinking (never, past, or current drinker); (c) average alcohol intake during preceding year as reported in the FFQ (grams/day); and (d) age at which regular drinking had been initiated. Insofar as tobacco use was concerned, the exposures of interest were: (e) current smoking (yes or no); (f) lifetime tobacco smoking (never, past, or current smoker); (g) daily amount of cigarettes; (h) accumulated amount of cigarettes; and (i) age at which smoking had been initiated. All these exposures were analyzed as categorical variables, except for daily grams of alcohol, daily and accumulated amount of cigarettes, and age of initiation of alcohol and tobacco use, which were modeled both as predetermined categorical and continuous variables.
To further explore the association between amount of alcohol intake and MD without assuming a linear doseresponse relationship, we used restricted quadratic splines for log-transformed alcohol intakes, with knots at 0.09, 3.3, and 33.1 g/day, corresponding to the 5th, 50th, and 95th percentiles of alcohol consumption among drinkers, respectively. These spline models require the same number of parameters as the categorical analysis but can accommodate a wide variety of smoothed risk trends [27] .
In addition, the above models were fitted with increasing levels of adjustment. First, we fitted a simple model adjusted for strong determinants of MD, i.e., age at mammography (continuous), BMI (restricted quadratic spline), and menopausal status. Second, we fitted an extended model, further adjusted for variables associated both with lifestyle and MD, including number of live births (continuous), current HRT use, current alcohol intake, and current smoking. Separate simple and extended models were constructed for pre-and postmenopausal women. Furthermore, the effect of alcohol consumption was separately assessed in current and non-current smokers.
All analyses were performed in Stata (StataCorp LP, College Station, TX), using the gllamm function to fit random-intercept ordinal logistic models [28] , and R statistical software (R Foundation for Statistical Computing, Vienna, Austria).
Results
Of the 3,584 women recruited and interviewed, MD assessment was completed for 3,568. The average participation rate was 74.5% (64.7-84.0%). Women who developed breast cancer within 6 months of mammography were excluded from the analysis (n = 10). Daily calorie intake below 800 calories or above 4,000 was considered unrealistic, and the women concerned were also excluded (n = 8) along with one woman who was being fed intravenously.
The overall proportion of Boyd mammographic density categories in the study population was as follows: A, n = 150 (4.2%); B, n = 722 (20.3%); C, n = 732 (20.7%); D, n = 1135 (32%); E, n = 623 (17.5%); and F, n = 187 (5.3%). Twenty-one percent of women were preor perimenopausal, and 79% were postmenopausal. With respect to alcohol consumption, 41.6% were abstainers, 41.1% currently drank up to 10 g of alcohol/day, and only 17.3% consumed more than 10 g of alcohol/day. In the case of tobacco use, 57.8% of participants had never smoked, 24.3% currently smoked, and 17.9% were exsmokers.
In a simple analysis adjusted for age, BMI, menopausal status, and screening program, higher MD was positively associated with never being pregnant, older age at first live birth, larger daily caloric intake, and more years of education (Table 1 ). In contrast, higher MD was negatively associated with increased age; younger age at menopause, increased number of live births; being postmenopausal; having osteoporosis; and being very active between the ages of 36 and 50 years. Age at menarche, HRT use, folic acid intake, and tobacco smoking were considered potential confounders, but in our study were not associated with MD.
After an extended analysis adjusted for age, screening program, BMI, menopausal status, number of live births, HRT use, current alcohol consumption and current tobacco use, osteoporosis and high levels of physical activity remained associated with decreased odds of being in high MD groups (OR = 0.71; 95% CI 0.59-0.86 and OR = 0.86; 95% CI 0.75-0.98, respectively), and daily calorie intake was associated with increased odds of being in highdensity categories (highest vs. lowest calorie intake OR = 1.33; 95% CI 1.11-1.59; P for trend = 0.003)( Table 1) .
Alcohol was positively related with MD (Table 1) . In the extended model, current alcohol drinking increased the odds of high MD by 13% (OR = 1.13; 95% CI 0.99-1.28), with high daily grams of alcohol being positively associated with increased MD (P for trend = 0.045; Table 1 ). Among drinkers, older age of initiation of alcohol consumption was only slightly associated with a higher probability of being in high MD categories, though the statistical test was not significant at P \ 0.05 (Table 1) . In contrast, women who started drinking before menarche had a lower probability of being in higher density categories than did other women who also consumed alcohol. Further adjustment for daily calorie intake, physical activity levels, and osteoporosis failed to change the magnitude of the associations (data not shown) and so these variables were not included in the final analysis.
There were no statistically significant differences in MD between smokers and non-smokers. Nevertheless, increased number of daily cigarettes and increased number of accumulated lifetime cigarettes were negatively associated with high MD in the extended adjusted model (P for trend 0.008 and 0.004, respectively). Age of smoking initiation had no influence on MD (Table 1) .
Although, formal testing showed no statistical interactions between menopausal status and variables linked to alcohol consumption and tobacco use (likelihood ratio test; P [ 0.05), in view of the strong influence of ovarian hormones on MD and the reported estrogenic or antiestrogenic effects of alcohol and tobacco on the breast, extended models were constructed separately for pre-and postmenopausal women (Table 2) .
In peri-and premenopausal women, alcohol consumption was not associated with MD and the dose-response curve was almost flat (Fig. 1) . Increased age of initiation of alcohol consumption seemed to be associated with higher MD, though the number of women in the older age groups was small.
Among postmenopausal women, in contrast, alcohol consumption increased the odds of being in high MD categories by 15% relative to abstainers (OR = 1.15; 95% CI 1.00-1.32). Raising daily alcohol consumption resulted in a dose-dependent increase in the likelihood of being in a high MD group (P for trend = 0.022). In comparison with abstaining, drinking more than 10 g of alcohol/day increased the probability of having MD by 26% (OR = 1.26; 95% CI 1.03-1.53). Using restricted quadratic splines, we observed increased odds of being in high MD groups with increasing amounts of alcohol but the relationship was not linear. Whereas, moderate daily intake of alcohol (less than one glass of red wine) increased mammographic density, higher alcohol intake led to a lower probability of having high MD (Fig. 1) .
Postmenopausal women displayed a negative association between the number of cigarettes -both current and accumulated over a lifetime-and the odds of being in high MD groups. Women who smoked more than 15 cigarettes/day were 32% less likely to be in high MD categories than were women who smoked 0-5 cigarettes/day (OR = 0.68; 95% CI 0.46-0.99; P for trend = 0.046); and similarly, women who had smoked more than 700 cigarettes in their lifetime were 30% less likely to be in high MD categories than were women who had smoked fewer than 300 cigarettes (OR = 0.70; 95% CI 0.51-0.96; P for trend = 0.053).
We found that an interaction test between alcohol and tobacco use with respect to their influence on mammographic density approached statistical significance (likelihood ratio test P = 0.075). The effects of increasing tobacco consumption on MD were different depending on the level of alcohol intake. In the highest alcohol consumption group (women who drank more than 10 g of alcohol/day), the odds of being in high MD categories decreased by 17% for every increase of 10 cigarettes/day (P = 0.037) compared to women that do not drink. In women who drank less than 10 g/day, however, the increased number of daily cigarettes showed no association with lower MD (P = 0.976). Moreover, alcohol consumption and smoking are interrelated, in that heavy drinkers tend to smoke more than do light drinkers or Table 1 Characteristics of study population according to Boyd mammographic density categories, associated ORs and 95% CIs for a higher Boyd category abstainers. In the DDM-Spain study, while only 4% of abstainers smoked over 20 cigarettes a day, 9% of women in the highest alcohol intake levels ([20 g/day) smoked over 20 cigarettes a day. Given the strong antiestrogenic effects reported for tobacco smoking, extended models for alcohol consumption were separately fitted for current and non-current smokers (Table 3 ). There was a positive association between increased daily grams of alcohol and high MD among non-current smokers (women who drank more than 10 g of alcohol/day vs. abstainers OR = 1.25; 95% CI 1.02-1.53; P for trend 0.029). Increasing the amount of alcohol consumed raised the odds of being in a higher density group (P for trend = 0.029). Whereas, older age of alcohol initiation increased the probability of being in higher MD groups, starting to drink alcohol before menarche decreased the odds of being in high MD categories by 50% (OR = 0.50; 95% CI 0.29-0.85). Among current smokers, in contrast, no association was observed between drinking alcohol, increased alcohol consumption or age of initiation into alcohol drinking and MD. The effects of alcohol on MD were observed solely for women who were not current smokers.
Discussion
This article reports a positive association between current alcohol intake and higher MD. The effect of alcohol on MD was mainly observed among postmenopausal women. Furthermore, whereas alcohol consumption and daily grams of alcohol were positively associated with higher MD among women who were not current smokers, alcohol consumption failed to show any effect on MD among current smokers.
In general, the positive association observed for current drinking is in line with much of the literature on alcohol and MD [15, 17-20, 29, 30] . Even though the interaction test between menopausal status and alcohol consumption was not statistically significant in our study, a different effect in pre-versus postmenopausal women has been described elsewhere [15, 17] . To our knowledge, no other study has yet reported an opposite effect of smoking and alcohol drinking on MD.
We failed to find a consistent association between age at which women started consuming alcohol and MD. However, our results suggest that the timing of exposure to alcohol affected MD in several different ways. First, later age of initiation of alcohol consumption was positively related (although not statistically significant) with a higher probability of being in high-density categories in premenopausal women versus women who started drinking at early ages. Conversely, women who started drinking alcohol before menarche were half as likely to be in high MD groups as women who started drinking after menarche. This is in agreement with reports showing that prepubertal estrogenic exposures reduce MD [31, 32] while estrogenic exposures during adulthood increase it [2, [33] [34] [35] . Thus, alcohol may have different effects on MD, depending on the time of exposure, i.e., whereas, starting to drink during peripubertal years reduces the odds of being in high mammographic density groups, starting to drink during adulthood has no effect on MD unless it occurs close to the date of mammography. This agrees both with reports suggesting that drinking alcohol before age 21 years is inversely associated with mammary density [20] , and with others showing that current rather than lifetime alcohol intake is more strongly associated with MD [19] . In this regard, we created a variable representing the time elapsed between initiation of alcohol consumption and mammography, and found that the likelihood of being in a higher Boyd category of MD increased as initiation approached mammography, which suggests that starting to drink increases MD but that the initial effect of alcohol wanes over time. This is not the only estrogenic exposure with this paradoxical effect: one study has found that the effects of estrogen-plus-progestin therapy on MD persist but are attenuated after 2 years of treatment [33] .
Our finding of a weak, negative association between current smoking and MD supports most [7, 21, 22] but not all [23, 24, 36] prior published reports, and is consistent with an antiestrogenic effect of cigarette smoking on breast tissue. While MD and daily number of cigarettes smoked were found to have an inverse relationship, neither age at initiation nor smoking duration displayed an association.
According to our results, the effects of both exposuresalcohol and tobacco-on MD may work in opposite directions, which could explain why the OR of the effect of Fig. 1 Odds ratio of higher mammographic density (MD) according to alcohol intake in premenopausal (top) and postmenopausal women (bottom). Curves depict adjusted odds ratios (solid lines) and their 95% confidence intervals (dashed lines), based on restricted quadratic splines for log-transformed alcohol intakes with knots at 5th, 50th, and 95th percentiles among drinkers. The reference value (OR = 1) was set at 0.01 g/day (abstainers). Odds ratios were obtained from an ordinal logistic model with random program-specific intercepts, adjusted for age, BMI, current smoking status, number of live births, and current use of HRT (only for postmenopausal women). Bars represent the frequency distribution of alcohol intake among pre-and postmenopausal women alcohol consumption on MD among smokers was close to one and why there was a decrease in risk of high MD with increased number of daily cigarettes among heavy drinkers. An antagonistic effect would also explain the unexpected decline at the end of the dose-response curve of alcohol intake and MD in postmenopausal women. Alcohol consumption and smoking are interrelated, in that heavy drinkers tend to smoke more than do light drinkers or abstainers. However, women in the highest alcohol consumption group may have been different in other lifestyle aspects, and so residual confounding by unknown factors at high alcohol intake levels cannot be ruled out. One potential limitation of this study is the error inherent in dietary assessment in such a large epidemiologic study. However, the semiquantitative FFQ was adapted from Willett et al. [37] for the Spanish population, and has demonstrated reasonable levels of reliability and validity in other studies [25] . Further, we found that the association of MD with general reproductive variables such as age at first birth, number of live births, age at menarche and menopause [2, 3] , etc., as well as osteoporosis [38] , level of physical activity [39, 40] or daily caloric intake [41] were consistent with what is known about MD. These observed findings provide additional support for the validity of the questionnaire that was used in this study.
Low alcohol consumption and low prevalence of regular adolescent drinking among the study population constitute two further possible drawbacks of our study: only 17% of the women drank more than 10 g of alcohol/day, and less than 19% of the women started drinking at age 18 years or before. Another potential limitation resides in the length of time between adolescence and recall of alcohol consumption later in life. Even though other studies have shown good reliability of reporting past alcohol consumption [42] , recall of exposures during adolescence is likely to be imprecise and could result in attenuation of estimates.
Similarly, the measure of breast density was subjectively determined by only one radiologist. Nevertheless, the intra-observer reproducibility of the Boyd scale was good in our study, with a concordance between the first and second reading of 0.92 [43] . Indeed, all disagreements corresponded to differences in only one category. In summary, our results provide further support for an association between recent alcohol consumption and high mammographic density, characterized by a modest increase in risk at low levels of current consumption and a decrease in risk among heavier drinkers. Our study also suggests that the effects of alcohol in the breast can be modified by other factors, such as smoking. Yet, to what precise degree tobacco use may explain the lack of increased MD among women who drink alcoholic beverages daily is difficult to establish. Alcohol drinking is a modifiable behavior, and since moderate alcohol consumption is associated with a reduced risk of cardiovascular mortality and overall mortality among women, studies such as ours, which address the link between alcohol consumption and breast cancer risk, are critical for ascertaining the cost-benefit ratio of alcohol intake.
